A pressure-differential (PD) procedure was developed and used successfully to infect hatching turkey eggs with Arizona organisms. Forty-eight hours after experimental infection the eggs were dipped in antibiotic solutions by a temperature-differential (TD) procedure. Eggs were incubated for one week, and attempts were then made to recover the organisms from three areas (shell, membranes, and interior) of each egg.
INTRODUCTION
Dipping of hatching eggs in antibiotic solutions prior to incubation for the control of some Mycoplasma infections has been widely investigated.
At the time this investigation was initiated, no information was available concerning the use of egg-dipping methods for the control of egg-transmitted pathogens other than Mycoplasma. Stuart An early report by Carlson and Snoeyenbos (3) indicated failure to eliminate S. typhimurium from embryonating eggs injected with several kinds of antibiotics, even when embryotoxic levels were used.
Arizona organisms are egg-transmitted to poults (1) in a manner similar to that which occurs in paratyphoid infections. Fecal material from hens infected with Arizona organisms contaminates the egg shells. The organisms gain entrance to the egg, multiply, and infect the developing embryo. This route of transmission is considered the most important method of spread of the disease.
Several approaches have been attempted for control of the infection. Field observations indicated that using a bacterin failed to protect hens from infection and did not prevent egg transmission. Sato and Adler (6) indicated a lack of correlation between serologic results and persistence of infection. Antibiotic treatment of turkey poults is widely practiced in the field. This treatment usually reduces mortality but does not necessarily eradicate the infection.
This study was undertaken to investigate the possible value of dipping eggs in certain antibiotic solutions for the control of Arizona 7:1,7,8 in naturally and experimentally infected turkey hatching eggs. Also investigated were the effects of these antibiotics on the hatchability of fertile eggs and early growth and mortality of the poults.
MATERIALS AND METHODS
Birds and eggs. All birds and eggs used came from flocks of heavy and medium white turkeys maintained at the Ohio Agricultural Research and Development Center. No Arizona infections were detected in these flocks over the past two years. Unless otherwise indicated, the eggs used were laid during a two-week period preceding the beginning of each experiment. Soiled eggs were sanded, and all eggs were fumigated with formaldehyde on the day laid and then stored in an egg room and maintained under standard conditions. For treatments within different experiments, eggs laid on different days from both heavy and medium strains of birds were divided equally.
Cultures. Three isolates of Arizona 7:1,7,8, referred to as A, B, and C, were used in various parts of the study. These were isolated and identified in this laboratory over the last three years from three different natural outbreaks in turkey flocks. The isolates were serotyped at the National Animal Disease Laboratory at Ames, Iowa. Only one isolate was used for infecting eggs in any particular experiment.
To prepare the inoculum used for infecting the eggs, the frozen cultures were thawed, then a loopful was transferred to 10 ml brain-heart infusion (BHI) broth and incubated for 24 hours. The cultures were transferred twice in BHI broth at 24-hour intervals, then transferred to 100 ml of BHI broth. This was incubated for 24 hours, then dispensed into screw-capped tubes in 1-ml amounts and stored at -60 C. One day before the eggs were to be infected, a frozen culture was thawed, and 0.1 ml was transferred to 100 ml of BHI broth and incubated for 24 hours. Immediately before infection, 50 ml of the culture were added to each liter of 0.9% physiological saline to constitute the dipping solution. At that time, appropriate dilutions were plated to count the number of organisms.
Experimental infection of eggs. A pressure-differential (PD)
procedure was developed for infecting the eggs. Experiments were conducted to find the appropriate combination of pressure, time, and number of organisms which would result in a high percentage of infected eggs. Since eggs were infected by the PD procedure and were subsequently treated by the temperature-differential (TD) procedure, the effect of both procedures on hatchability and early growth and mortality of poults was studied. Also studied was the effect of sequence of use, i.e., TD for infection and PD for treat-ment, and vice versa, on penetration of the eggs by Arizona organisms and antibiotic solutions, and early growth and mortality of poults. The procedures described here were found the most appropriate for the purposes of this study. The equipment used consisted of a barrel with tight-fitting closures. The barrel was connected to a vacuum pump by a pressure hose. A gauge was attached to the barrel to indicate the amount of pressure applied. Eggs to be infected were brought from the egg room and placed in a presterilized wire basket. The solution used to infect the eggs was placed in a sterile plastic bucket, the eggs were immersed in solution, and the bucket and contents were then placed in the barrel. Enough solution was made to cover the eggs completely. A negative pressure of approximately 38.1 cm Hg was established and maintained for 5 minutes, and the eggs then remained in the dipping solution for 10 minutes under atmospheric pressure. The vacuum created in the eggs at the reduced pressure, followed by maintenance at atmospheric pressure in the infecting solution, resulted in penetration of the eggs by the organisms. Uninfected control eggs were dipped in a sterile saline solution, then subjected to a PD procedure as in the case of the infected eggs. The uninfected control eggs were always dipped first, to prevent cross-contamination. Following the PD procedure, both the infected and control eggs were dipped separately for 5 minutes in disinfectant solutions maintained at 30 C, in an attempt to reduce the number of organisms on the egg shells. Two disinfectant solutions were used in different experiments: one contained 0.35% of the iodine compound Iosan (Lazarus Laboratories, Long Island City, New York); the other contained 0.4% of the phenol compound Environ (Vestal Laboratories, St. Louis, Missouri). After disinfection the eggs were air-dried and then stored in a cold room maintained at approximately 7.5 C for 48 hours, prior to antibiotic treatment. No attempt was made to adjust humidity at this stage.
Antibiotics. Spectinomycin sulfate and gentamicin sulfate were tested singly, and a combination of spectinomycin sulfate and lincomycin hydrochloride was tested also. The antibiotic concentrations presented in this report are expressed in terms of biologic activity.
Egg treatment. Forty-eight hours after infection the uninfected and infected eggs were brought out of the cold room and incubated at approximately 37.5 C for three hours. Immediately after incuba-tion the eggs were placed for 15 minutes in the antibiotic solution, which was maintained at 7.5 C. The antibiotics were dissolved in cold sterile water 2-3 hours before the dipping. Solutions containing different levels of the drugs were tested.
Uninfected eggs were always dipped first. The antibiotic solution also contained 0.35% Iosan to limit the number of bacteria in the dipping solution.
Egg incubation and poult maintenance. Following dipping, eggs were air-dried and incubated in two standard egg incubators. The uninfected medicated eggs and a group of uninfected untreated eggs (undipped control) were incubated together in one incubator, and the infected untreated and infected treated eggs were incubated in another incubator. All the eggs were candled after 7 days of incubation, and all exposed eggs were opened and examined for Arizona organisms at this stage. It was assumed that incubation of the eggs for 7 days would allow the organisms to multiply and reach detectable levels. The uninfected treated and the uninfected untreated eggs, from some experiments, were incubated until hatching time to obtain preliminary results on the effect of drugs on hatchability. The hatching poults from each experiment were raised together in one pen for 4 weeks. Mortality and body weight were recorded at 2 and 4 weeks of age. An extensive study was made of the effect of gentamicin, as described later.
Egg examination. Except for some modifications, the procedure described by Williams and Whittemore (9) for examining different structures of the eggs was followed. Swabs dipped in sterile selenite broth were used to collect samples from eggs. The first area swabbed was the outer surface of the shell, which is referred to as area I. Afterward, a hole was drilled through the shell above the air cell, and a second one on the side of the eggs. The pointed end of the egg was opened, and a swab was used to sample area II (interior), which consisted of the egg yolk, albumen, and interior surface of the inner shell membrane. By application of light air pressure through the side hole, both shell membranes separated from the shell, allowing sampling of the inner surface of the shell and the outer surface of the outer shell membrane. The same swab was used to sample the area between the inner and outer membranes. These sites are referred to as area III (membrane area). The area between the membranes was reached when the outer shell membrane was punctured through the hole above the air cell, and light air pressure was applied to separate the membranes. Surgical gloves, used during sampling, were disinfected after each egg was sampled. When individual eggs were sampled, care was taken to prevent cross-contamination between different areas. The order of sampling eggs in each experiment required examining eggs dipped in high concentrations of antibiotics first, followed by eggs dipped in lesser concentrations. Infected untreated eggs were sampled last.
Culture incubation and identification. Swabs were incubated in selenite broth for 24 hours, and transfers were then made to brilliant-green agar (BGA) plates. The BGA plates and the original selenite broth were incubated for 2-3 days. The broth was examined for turbidity at the same time the plates were examined for growth. Turbid broth which did not yield any growth on plates was transferred again to BGA plates. In the first two experiments, described later, Arizona organisms were identified on the basis of colony morphology and changes in the color of the BGA media. In all other experiments, typical Arizona colonies were transferred to the following media: Kliglers iron agar (KIA), triple sugar iron (TSI), lactose, dulcitol, urea, and malonate broth. All isolates were tested with Arizona antiserum, polymonophasic (Difco). Isolates were considered Arizona that produced H2S on KIA and TSI, utilized malonate, failed to ferment dulcitol or to hydrolyze urea, and reacted with Arizona antiserum.
Naturally infected eggs. Eggs used in this study were derived from experimentally infected hens. Twenty-two hens, from a flock near the end of the laying season, were infected orally with isolate A (Arizona 7:1,7,8) . The inoculum for each hen consisted of 1 ml of a 24-hour growth of Arizona organisms in BHI broth. Each ml contained 1.2X109 organisms. Eleven hens from the same flock were kept as uninfected controls. All hens were inseminated weekly, and before insemination the cloaca of each hen was swabbed and the swabs were incubated in selenite broth. Cultures were treated as described earlier for identification of Arizona organisms. The eggs were collected twice daily and maintained at 7.5 C until dipping time. Eggs produced over a two-week period were treated together. Four dipping trials were conducted by the TD procedure described earlier. The amount of gentamicin used was 1000 ppm in the first dipping, and 500 ppm in the other three dippings. Eggs from the infected and uninfected hens were divided into 2 groups; one group was dipped in the gentamicin solution and the other group was not dipped. After dipping, all eggs were incubated for 7 days and candled, and all eggs were then opened and examined Tables 1 and 2 show the effects of the three drugs on Arizona recovery and early embryonic development of experimentally infected eggs. Table 1 indicates that, in the concentrations used, spectinomycin alone or in combination with lincomycin had little value in controlling Arizona organisms in experimentally infected eggs. The drugs did reduce early embryo mortality, however. When 115 infected untreated eggs were candled after 7 days of incubation, 60 eggs had dead embryos; whereas 573 infected treated eggs candled at the same time had 29 dead embryos. It was noticed also that the drugs reduced the number of organisms on area I (outer shell surface) of the infected treated eggs.
Whenever the organism was isolated from area II (interior), it was also isolated from area III (membranes). The number of isolations was always higher from area III than from area II. Eggs containing dead embryos were all infected, but not all of the fertile or infertile eggs were infected.
Gentamicin was effective in controlling Arizona organisms in experimentally infected eggs at 2000, 1000, 500, and 250 ppm, as indicated in Table 2 . The organisms that were isolated from two eggs treated with 500 ppm of the drug were obtained in the second experiment and were not identified. It now seems probable that these were not Arizona but came from external contamination, since a thorough investigation resulted in isolation of similar organisms from laboratory table tops. Enforcing strict laboratory procedures resulted in failure to isolate the organism from eggs treated with this level of the drug in subsequent trials. Tables 1 and 2 indicate the value of the PD procedure used to infect the eggs. In nine experiments conducted, 223 (92.9%) of the 240 exposed untreated eggs were infected.
Neither Iosan nor Environ was effective in eliminating all the organisms from the outer surface of the shells of infected untreated eggs. Of 240 exposed untreated eggs, 123 had the organism on the outer surface of the shell.
A comparison of direct plating of swab samples with prior inoculation of enrichment broth was conducted on three areas of 30 infected untreated eggs. The results indicated that only 75% of the infected areas were detected by direct plating. Tables 3 and 4 show the fertility and hatchability data of uninfected medicated (twice dipped), uninfected unmedicated (twice dipped), and uninfected undipped eggs. Also presented are the livability and weight gain of poults hatched from these eggs. The results indicated that the drugs used had no harmful effect on fertility, hatchability, livability, or weight gain. They also indicate that the PD procedure used for infection, followed by the TD procedure used for medication, had no harmful effect. Naturally infected eggs. Arizona organisms were isolated at least once from the cloaca of 16 of the 22 inoculated hens. Fourteen hens had the organism in the cloaca one week after inoculation, compared with 4 which had the organism eight weeks after inoculation. Table 5 shows results of isolation attempts from treated and untreated eggs derived from inoculated hens. Ten untreated eggs originating from inoculated hens were found infected when the first dipping trial was conducted, whereas no isolations were made from eggs of the same group when the last dipping was conducted. Attempts failed to isolate the organisms from treated eggs originating from inoculated hens. Arizona organisms were isolated from 9.2% of 238 undipped eggs derived from inoculated hens. No isolations were made from 75 untreated and 75 treated eggs originating from uninoculated hens.
Organisms were not detected in the liver and yolk sacs of hatched poults, or eggs derived from infected treated, uninfected Treatment of arizona-free eggs. The dipping of eggs in a soluion of Iosan, alone or in combination with gentamicin, had no significant influence on hatchability (Table 6 ), early growth, or early mortality (Table 7) . Two levels of gentamicin were used. Since a preliminary analysis indicated no significant difference between levels, the data for both levels are grouped together for analysis. The hatchability of eggs tended to be lower from heavy turkeys than from medium turkeys. There was no significant interaction between dipping treatment and type of bird.
The effects of type of bird, sex, and the interaction between type and sex were highly significant (P<.01) for four-week body weight. There were no significant differences between dipping treatments or any significant interaction between dipping treatment, type of bird, and sex. Results presented in this report indicate the value of preincubation dipping of turkey hatching eggs in antibiotic solutions for the control of Arizona organisms. Gentamicin proved useful in eliminating the organisms from experimentally and naturally infected eggs and had no harmful effect on hatchability, early growth rate, and early mortality. At the levels used, spectinomycin, alone and in combination with lincomycin, did not eliminate the organisms from experimentally infected eggs. The PD procedure was useful in experimental infection of eggs. A large number of organisms was apparently introduced to the eggs, as evidenced by the high rate of early embryo mortality in the infected untreated eggs.
The results indicate the necessity of examining the different structures of the eggs for evidence of infection. Isolations were always higher from the membrane area than from the interior.
It was interesting to note the effectiveness of gentamicin against M. meleagridis in vitro. This observation would suggest that dipping eggs in the drug might control M. meleagridis as well as Arizona.
In a previous study (5), the authors obtained evidence indicating that dipping eggs in a tylosin solution for reduction of M. meleagridis infection was harmful to hatchability and increased early poult mortality. The effects of tylosin and Iosan could not be accurately differentiated, however. The present results indicate that dipping eggs in an Iosan solution had no harmful effect on these traits. This suggests that the harmful effect observed earlier could be attributed to tylosin.
It can be inferred from the results of this and other studies (4,8) that preincubation dipping of hatching eggs in the proper type of antibiotic solution can be used to control a variety of eggtransmitted bacteria. The development of antibiotic-resistant organisms should be considered, particularly if low concentrations of drugs are used.
It is necessary to indicate that the success in eliminating the Arizona organisms in this study does not mean that the antibiotic used, if injected into hatching poults or older birds, would produce the same results. Stephens (7) indicated that injection of gentamicin into hatching poults reduced but did not eliminate the infection.
